Objectives-A hospital based case-control study was conducted between 1992 and 1993 in the province of Brescia, a highly industrialised area in northern Italy, to evaluate occupational risk factors ofbladder cancer. Methods-The study evaluated 355 histologically confirmed cases of bladder cancer (275 men, 80 women) and 579 controls affected by urological non-neoplastic diseases (397 men, 182 women). Lifetime occupational history, smoking and drinking habits, and sociodemographic characteristics were recorded by means of a structured questionnaire. Odds ratios (ORs) were computed with adjustment for age, smoking, alcohol and coffee consumption, education, and place of residence.
Several epidemiological studies have shown an increased risk of bladder cancer among workers in the rubber and dye industries, in aluminium production, and in gas and coal tar workers.'-3 Increased risk has also been detected for other occupational exposures such as in machinists, mechanics, leather workers, textile workers, chemical workers, coal miners, truck drivers, painters, and iron, steel, and metal workers, although with controversial evidence among different studies. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] A number of aromatic amines have been recognised as bladder carcinogens such as 4-aminobiphenyl, benzidine, 2-naphthylamine; other aromatic amines such as orthotoluidine, 4,4'methylene bis (2-chloroaniline), 4 ,4' methylene bis (2-methylaniline) and several polycyclic aromatic hydrocarbons have been recognised as suspected human carcinogens.I'3 13 It has been estimated that up to 25% of cases of bladder cancer occurring in the general population can be attributed to occupational exposure. 16 We present the results of a hospital based case-control study that was carried out to evaluate the relation between bladder cancer and occupation in the Province of Brescia, northern Italy. This area is characterised by a high density of industrial activities; all cancer mortality (410/100 000 in men and 281/100 000 in women in 1992-3) is higher than in Italy overall (314/100 000 in men, 211/100 000 in women in 1991). '7 Subjects and methods All cases were subjects admitted between January 1992 and September 1993 for first diagnosis, treatment, or follow up of bladder cancer. All diagnoses were histologically confirmed and classified according to the WHO classification.'8 Controls were patients admitted in the same period as cases for urological non-neoplastic diseases known to be unrelated to the exposures under study; male subjects were age matched (five year groups) whereas for women it was not possible to reach a complete match. All cases were recruited from the Urological Department of the General Hospital of Brescia, which is the reference hospital for cancer in the province. Controls were recruited from the same hospital as well as from two additional hospitals, where most non-neoplastic urological patients from the province are admitted. Cases and controls were interviewed by one interviewer, aware of the case-control status, who used a structured questionnaire that included questions on lifetime occupational history (for each job lasting at least six months, job title, plant activity, and type of production were recorded), lifelong smoking habits, current alcohol and coffee consumption, education level, and other information (such as consumption of artificial sweeteners, and use of phenacetin and hair dyes). About 25% of the questionnaires were rechecked by means of a telephone interview and no major disagreement with the original interview was recorded.
Job titles and plant activities were coded Coding was done not blindly by an occupational physician. A random 5% sample of questionnaires was recoded blindly by another physician and no major disagreement was found. The average total daily alcohol consumption was computed from the ethanol content of wine, beer, and spirits." Data were analysed separately for men and women. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were computed for industries and occupations with at least 10 employed subjects, of whom there was at least one case and one control. Potential confounding was accounted for by computing ORs adjusted for age, education, residence, cigarette smoking, and coffee and alcohol drinking, by unconditional logistic regression analyses. The confounding variables were entered into the model as categorical."
Analyses for duration of employment and latency from time of first diagnosis were carried out in men; the analysis was performed for three durations of employment (< 10, 10-19, > 20 years). A test for trend in risk by latency or duration of employment was carried out among exposed subjects with an overall excess risk of 1-5 and with at least 10 exposed subjects for each category of duration and latency, by fitting logistic regression models in which the explanatory variable took the value 1, 2, or 3 depending on latency or duration group, with the zero level omitted." All In men, mean (SD) age at interview was 60-9 (11-1, range 24-84) years for cases and 59.7 , range 19-89) for controls. The largest group was the over 65s. Education level was similar among the two groups, although Table 2 shows the distribution of cases of bladder cancer according to histological type, stage, and grading. Cancers were mostly of the papillary transitional cell carcinoma type and of early stage and grade. The distribution for incident cases was similar.
Controls were mainly affected by urolithiasis (about 48% men and 84% women), prostatic adenoma (about 27%), hydronephrosis (about 6% men and 13% women), or a combination of these diseases (about 5%).
The mean number of reported occupations was 2-8 and 2-9 for male cases and controls, whereas for women it was 2*1 and 2 4.
Although all occupational and industrial groups were initially included in the analyses, the total number of ISIC codes was 105 in men and 50 in women, and of ISCO codes 180 in men and 60 in women, we only reported the results for occupations and industries selected according to the following criteria: number of exposed cases or controls (at least 10 exposed subjects); the relevance of the occupation or industry in the province of Brescia (such as metal working, or construction industry, textile industry, transports, agriculture); the ORs estimated (for example, including OR above 1-5); and indicated by the scientific literature (considering for example, categories not selected according to the previous criteria and associated with high risk of bladder cancer, such as the rubber industry). Full results are available on request. OR estimated by logistic regression models including age, residence, education, smoking, and coffee and alcohol consumption. Table 3 shows the relative risk estimates in men according to occupation. Significantly (P < 0 05) increased ORs were found only for labourers in the construction industry. Other job titles showed non-significant increased risks; in particular miners, machinery mechanics (particularly in the textile industry), metal processers and polishers, blacksmiths, gunsmiths, and painters (especially in the con- 
controls).
The latency analysis showed that most of the workers were in the category with 20 or more years of latency, for both ISCO and ISIC codes. Small numbers of exposed subjects in the other categories did not allow detailed analyses.
No test for linear trend is shown in detail, because almost none of the investigated occupations had an overall excess risk greater than 1-5 and at the same time 10 or more exposed subjects in each duration or latency category. Table 4 shows results for duration of employment for selected occupations; although construction labourers (see also bricklayers for comparison)-who had an overall significant excess risk-showed no linear trend for duration, transport workers (and in particular motor vehicle drivers), a group of interest a priori but with no overall excess risk, showed a significant trend with duration of employment.
Analysis of duration of employment in other occupations did not suggest any trend.
For women (table 5) , according to job titles classification, non-significantly raised ORs were detected for blacksmiths, tool makers, and machine tool operators, teachers, and handpackers.
For women employed in industrial activities, non-significantly increased ORs were noted in branches such as knitting mills (OR 1f5, 10 cases, 16 controls), retail trade (OR 1 @2, 10 cases, 19 controls), and education services (OR 2-6, 9 cases, 15 
When the analysis was restricted to incident cases, the following occupational categories showed a notable change in the ORs: male painters (OR 2-2, 95% CI 0-7-6-7), male charworkers (1-6, 0A4-6 8), housewives (1 9, 06-6-8), female spinners (2-6, 05-15-2), and hand packers (3 9, 04-38-3); for industrial categories changes in ORs were noted for men in agriculture and livestock production (1-0, 02-6 7), transportation (0 5, 0O2-1-1), public administration and defence (2-5, 1-6 5), recreational and cultural services (9 7, 1 9-50) and, for women, retail trade (04, 001-4-3), education service (1-9, 0-1-38&9), and personal and household services (2-0, 0 5-7-4).
Discussion
This was the first study in the province of Brescia to examine the relation between bladder cancer and occupation. The area is highly industrialized, with extensive metal and mechanical industries, construction, manufacture of textiles, and agriculture. On the other hand, activities traditionally associated with an increased risk of bladder cancer such as rubber and dyestuffs industries are not present.
The results in men showed a twofold significant excess risk for labourers in the construction industry. One explanation is chance. Another possible explanation might be the fact that these workers are expected to be exposed to several xenobiotics such as paints, asphalt, products of combustion (gasoline and diesel fumes) mineral oils, naphtha, solvents, grease, metals, and asbestos. This is mainly due to the great variety of job tasks and exposures they may encounter when helping or replacing skilled workers, such as the plumbers and pipefitters, painters, electricians, carperters, roofers, demolition and insulation workers, welders, and plasterers. The dirtyness of the type of work should also be considered.25
Other studies have found small increases in risk of urological cancer among construction workers. For example, in a study from the United States,8 in cement and concrete finishers an OR of 1-9 (95% CI 08-4-9) was found adjusted for smoking and education, whereas for inspector, grader, foreman, and weigher the OR was 1-6 (95% CI 1 1-2-5), with a trend in risk with increasing duration of employment. Zheng et al"2 found in China a standardized incidence ratio for bladder cancer of 1 1 in construction workers; an OR of 1-47 (95% CI 0 8-2 5) was found by Becherini et al among Italian construction industry workers. 26 Schumacher et al27 in the United States measured an OR of 1-45 (95% CI 099-2-13) in men and 1-85 (95% CI 036-8-8) in women in the construction industry and found an association with duration of exposure among men.
A standardized mortality ratio of 1-54 for cancer of the urinary system (95% CI 094-2-37, adjusted for smoking and alcohol consumption) was reported in the United States by Burkhart et al 25 in other construction workers, a group that included labourers. It should also be stressed here that United States construction labourers have the highest death rates of any occupation and small positive associations between employment as a construction worker or labourer and cancer of organs other than the bladder were found, particularly for stomach, larynx, lung, and pleura.25 28 29 On the other hand, other studies in Germany, 6 France,'3 and Spain,30 reported no association between bladder cancer and occupation in the construction industry. For other significant associations found in this study no plausible biological mechanism can be suggested and chance remains the most likely explanation. In studies that generate hypotheses it is possible to identify false associations attributable to chance, due to the large number of categories concurrently analysed. Nonsignificant increased risks were found for various occupations or activities. Particularly relevant are, for the local population, the increased risks among machinery mechanics, metal workers, blacksmiths, gunsmiths, miners (involved especially in iron and fluorine mining), painters and workers in the manufacture of machines and equipment. These results are similar to the results of other casecontrol studies.3 5 8-1013 30-32 Of particular interest were the results for truck drivers, who showed a trend in risk of bladder cancer according to increasing duration of employment. Previous case-control studies, performed in various countries, showed conflicting results for truck drivers; however, many studies showed significantly increased risks after controlling for tobacco smoking, age, residence, with ORs generally in the range of 1-1-4-5. In some of the studies, a significant trend in risk with increasing duration of lorry driving was noted. As the possible aetiologic agents, most of the studies referred to exposure to polycyclic aromatic hydrocarbons and in particular to diesel exhaust.4 6 13 15 27 31 33 34 This study was not designed to assess and evaluate exposure to specific chemicals to be linked with jobs. However, it is well known that metal and transport workers might be exposed to bladder carcinogens such as the polycyclic aromatic hydrocarbons; exposure to aromatic amines (at least as contaminants) cannot be excluded either. It must moreover be considered that a single job generally involves exposure to several substances and that it might be impossible to disentangle the effect due to a particular chemical. In this study, confounding by smoking does not seem likely. A joint effect of tobacco smoking and some occupational carcinogens such as asbestos or aromatic amines is well known. The synergism between tobacco smoking and occupational exposures was evaluated in this study for some categories, which had a sufficient number of subjects in any of the exposure categories, such as transport workers, construction labourers, bricklayers, gunsmiths, metal workers, blacksmiths, toolmakers, and machine-tool operators, machinery fitters, and assemblers. A multiplicative effect was found only in labourers (OR 1-46, 7-6, 22-2 respectively in exposed non smokers, smokers of 1-14 cigarettes a day and smokers of more than 15 cigarettes a day; OR 4-6 and 8-2 for the unexposed smokers categories). A similar picture was found also for gunsmiths, even if it was difficult to evaluate, as there were no cases in the exposed nonsmokers category. In this study, the interviewer, who was a medical doctor, was informed of the case-control status. This was because cases and controls were located in different wards or hospitals especially created for the different diseases. Therefore, it was extremely difficult-if not impossible-not to be aware of the diagnosis. The coder of the occupational section of the questionnaire also was not blind to the case-control status, mainly because of logistic aspects. Anyway, at the end of the study, the coder himself made a blind recoding of all questionnaires and no substantial disagreement was found. Moreover, a partially blind recoding was made by another investigator and again no relevant disagreement was found. Furthermore, should a bias arise because the interviewer was not blind, it is likely to be against the null hypothesis, causing more jobs and industrial categories to be found falsely associated with the disease than there actually are. Our results, however, tend to be in the opposite direction, as a small number of categories was found significantly associated with the disease.
As far as the choice of hospital based controls, it is a well practiced alternative to population based controls in case control studies. According to many authors, no bias is expected to be introduced, provided that the diseases selected for the control series are not causally linked with the exposure under study and with relevant confounders such as tobacco smoking for bladder cancer. In this investigation, none of the diseases used for the recruitment of controls is known to be related either to the occupational exposures or lifestyle factors such as tobacco smoking, coffee, or alcohol drinking. 35 36 It should also be noted that bias due to survival is not likely, as analyses restricted to incident cases confirmed the results based on the whole series. However, as the incident cases are relatively few, they provide only a partial test of survival bias.
In conclusion, this study suggested that in the province of Brescia a few occupational exposures could be associated with the risk of bladder cancer. Some of these might be due to chance or be artefacts due to the study design, some confirm earlier findings of other studies, some suggest possible aetiological factors. Bladder cancer should still be considered as an index of hazard of occupational cancer, especially in highly industrialized areas with various occupational exposures.
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